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Purpose

This study aimed to perform a network meta-analysis to objectively evaluate the efficacy and safety of 10 Glucagon-like peptide-1 receptor agonists (GLP-1RAs) in combination with metformin that is approved for use worldwide in patients with type 2 diabetes and to provide evidence-based support and reference for the selection of clinical treatment.





Methods

Three databases (PubMed, Embase, and Cochrane Library) were searched from their respective inception until September 30, 2022. Only randomized controlled trials comparing the efficacy and safety of GLP-1RAs for treating type 2 diabetes (T2D) were included. The 10 GLP-1RAs are exenatide (including exenatide twice daily and once weekly), liraglutide, lixisenatide, dulaglutide, PEX168, semaglutide (subcutaneous and oral semaglutide), tirzepatide and albiglutide.





Results

34 RCTs with 10 GLP-1RAs and 12993 patients were included in the Network Meta-Analysis (NMA). According to the NMA, tirzepatide 15 mg, semaglutide 1.0 mg, PEX168-200μg, oral semaglutide 14 and dulaglutide 1.5 mg reduced HbA1c by -2.23%, -1.57%, -1.12%, -1.10%, -1.09% and body weight by -11.33 kg, -5.99 kg, +0.40 kg, -3.95 kg, -1.87 kg, respectively. There was no significant difference in the rate of adverse events for tirzepatide 15 mg, oral-semaglutide 14 mg, and semaglutide 1.0 mg. PEX168-200μg, tirzepatide 15mg, and oral semaglutide 14mg had Surface Under the Cumulative Ranking (SUCRA) values greater than placebo, and only tirzepatide 15mg and oral semaglutide 14mg were significantly different from placebo in the rate of serious adverse events. All GLP-1RA did not lead to increased incidence of hypoglycemia. Albiglutide 30mg and semaglutide 1.0mg significantly differed from placebo in Adverse Event (AE) withdrawal. Finally, the sensitivity analysis and publication bias analysis results indicate that the study results are reliable.





Conclusion

This study’s results showed that GLP-1RAs were effective in lowering HbA1c and reducing body weight without increased incidence of hypoglycemic reactions. In addition, this study may provide reference and evidence-based medical evidence for clinicians to select GLP-1RAs in patients with T2D and high body mass index (BMI). Based on the NMA results, tirzepatide 15mg and semaglutide 1.0mg may be preferred.
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1 Introduction

As people’s diets and lifestyles change, diabetes prevalence is increasing, with type 2 diabetes accounting for 90-95% of all cases of diabetes. Diabetes imposes a heavy economic burden on individuals and society, with the annual cost of diagnosing diabetes estimated at $327 billion in 2017 in the US (1). Diabetes prevalence is significantly higher in people who are overweight or obese. Studies have shown that the higher the BMI, the higher the risk of type 2 diabetes (2–4), and patients with pre-diabetes often have associated cardiovascular risk factors, including hypertension and dyslipidemia, and may be at increased risk of cardiovascular disease (5–7).

The American Diabetes Association (ADA) Medical Standards of Care for Diabetes 2022 Edition recommends metformin as the first-line treatment and GLP-1RAs as part of the treatment regimen for patients with T2D in combination with atherosclerotic cardiovascular disease or high-risk factors, renal disease, or heart failure (8). GLP-1RA has been shown to improve hemoglobin A1c (HbA1c), reduce body weight, and have cardiovascular benefits, and should be more widely used in clinical practice (9–15).

In 2019, 48% of diabetes deaths occurred before age 70. Elevated blood glucose contributes to about 20% of deaths from cardiovascular disease (16). In 2021, approximately 537 million adults (aged 20-79) worldwide had diabetes, and an estimated 6.7 million adults will have died from diabetes or its complications (17). However, in the CAPTURE study (18) (a multinational, cross-sectional study of cardiovascular disease prevalence in adults with type 2 diabetes across 13 countries), results showed that the prevalence of cardiovascular disease in Chinese patients with T2DM was 33.9%, of which 94.9% was atherosclerotic cardiovascular disease (ASCVD). Only 1.5% of Chinese patients with T2DM and combined ASCVD were treated with GLP-1RAs with cardiovascular benefit, a large gap between clinical practice and guideline recommendations (19, 20).

An NMA of metformin in combination of GLP-1RAs has not been previously performed. Therefore, we sought to objectively evaluate the efficacy and safety of 10 globally approved and marketed GLP-1RAs in combination with metformin for treating patients with T2DM through NMA and to provide evidence-based support and reference for the clinical selection of GLP-1RAs.




2 Methods



2.1 Registration

The Preferred Items report for this systematic review, the NMA for Systematic Reviews and Meta-Analyses (PRISMA) statement, and the PRISMA checklist is provided in Supplementary File 1. The protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) (registration number: CRD42023390347).




2.2 Data source

The Cochrane Library, PubMed, and Embase databases were searched from the creation of the databases to September 30, 2022, with no language restrictions. We used search terms including “diabetes mellitus, type 2”, “type 2 diabetes”, “glucagon-like peptide-1 receptor agonist”, “GLP-1 receptor agonist”, and “randomized controlled trial,” including any of these terms in any field. The search strategy, including all search terms, is shown in Supplementary File 2.




2.3 Inclusion criteria

Inclusion and exclusion criteria were developed according to the principles of Participants, Intervention, Comparison, Outcomes, and Study (PICOS). Inclusion criteria: (1) Participants: Patients diagnosed with type 2 diabetes, HbA1c ≥7.0%, age ≥18 years, no diabetes-related complications, no gender or race restrictions, and drug treatment cycle ≥12 weeks (initial dose + maintenance dose). (2) Intervention: 10 GLP-1RAs (“exenatide (including exenatide twice daily and once weekly)” or “liraglutide” or “lixisenatide” or “dulaglutide” or “loxenatide” or “PEX168” or “semaglutide (including oral semaglutide)” or “tirzepatide” or “albiglutide”) +/- other oral antidiabetic drugs (OADs) were taken in the treatment group. (3) Comparison: Placebo or another GLP-1RA in the control group. (4) Outcomes: Primary outcomes were HbA1c and rate of all adverse events. Secondary outcomes were weight loss, serious adverse events, hypoglycemic events, and withdrawal due to adverse events. (5) Study: The study type was RCT.




2.4 Exclusion criteria

Exclusion criteria: (1) The article was republished, case report, review, conference, monotherapy, animal studies, retrospective studies, and data could not be extracted. (2) The patient’s age <18, HbA1c<7.0%, and treatment cycle <12 weeks, presence of associated diabetic complications. (3) High-risk trials and type of non-randomized controlled trials.




2.5 Literature screening and data extraction

The Note Express software has been used to eliminate duplicates of articles, then read the titles and abstracts to exclude articles that did not meet the inclusion criteria, and finally read the full text according to the predefined inclusion and exclusion criteria to determine the final included studies, and extracted data from the included studies. Two investigators extracted data independently (Gu and Hu), and a third investigator resolved conflicting data (Chen). The extracted data include the following information: (1) study characteristics (e.g., year of publication, first author, mean age, sex, mean HbA1c (%), and total number of people included in the study). (2) Therapeutic interventions (e.g., drugs, dose, and cycle). (3) Clinical data (e.g., HbA1c reduction (%), weight loss (kg), number of adverse events, serious adverse events, withdrawals due to adverse events, and hypoglycemia events).




2.6 Risk of bias assessment

The risk of bias in the included studies was assessed independently by two investigators (Gu and Hu) using the software Review Manager 5.4.1 according to the Cochrane Risk of Bias Assessment Tool criteria, and a third investigator (Chen) adjudicated conflicting studies.




2.7 Analysis of data

Frequentist NMA was performed using software (Stata 16.1). The mean difference (MD) value was used to calculate continuous variables. Each effect size was expressed as a 95% confidence interval (95%_CI). The odds ratio (OR) value is used to calculate dichotomous variables (the number of adverse events), and a higher value means more adverse events, which means worse outcomes. We used the surface under the cumulative ranking (SUCRA) to rank the outcome of each treatment and finally expressed it as a percentage. For heterogeneity results of each outcome, we used software (Review Manager 5.4.1) to calculate, and the results are expressed in I2 and p-value (if p-value for Q test < 0.10 or I2 > 50% was defined as significant heterogeneity).

For the inconsistency test of the whole network meta, we used software (Stata 16.1) to test global inconsistency, local inconsistency (node splitting method), and closed-loop inconsistency (If the p-value is greater than 0.05, it means that the inconsistency is not significantly different). If the results are consistent (p>0.05), the results of the network meta are reliable. Meanwhile, we evaluated the included studies by drawing the network plots, funnel plots of outcome indicators, and risk of publication bias plots. In addition, a cluster analysis was performed to compare the effect of GLP-1RAs on efficacy (reduction in HbA1c) and safety (rate of adverse events). Finally, a sensitivity analysis is required if the included studies are high-risk.





3 Result



3.1 Inclusion process and study characteristics

The study’s screening process and the patients’ characteristics included are shown in Figure 1; Table 1. A total of 9816 articles were initially included by searching the databases according to the predefined search criteria, including PubMed (1702), Embase (1904), and the Cochrane Library (4293), further removing duplicates (7517) and reading the full text and abstracts (348). Finally, 34 studies with 11 treatments (involving 12993 patients) were included in the NMA. In the 34 included studies, 18 used metformin + GLP-1RA as the therapeutic agent, and 16 used metformin + GLP-1RA ± OAD (e.g., sulfonylurea, thiazolidinedione, and sodium-glucose cotransporter-2 inhibitors).




Figure 1 | Flow chart of the study selection process.




Table 1 | Patient basic characteristics of included studies.






3.2 Quality assessment of included study

The risk of bias assessment plots and risk summary plots are shown in Figures 2, 3. Regarding the risk of bias, in the 34 included studies, all studies described in detail random sequence generation, incomplete outcome data, selective reporting, and the fact that they were all considered low-risk studies. In the allocation concealment bias, 10 (29.4%) studies and 1 (2.9%) study were classified as unclear and high risk because they were not reported, and an open random allocation table was used. Regarding blinding of patients and personnel and blinding of outcome assessment, 11 (32.4%) were considered high risk because they were not blinded, and 2 (5.9%) were regarded as unclear risk because they were not reported in the study. In other biases, all studies were not reported and were considered of unclear risk.




Figure 2 | Risk of bias assessment plots.






Figure 3 | Risk of bias summary plots.






3.3 Results of network meta-analysis

The network plot is shown in Figure 4. In the 34 included studies, 34 (100%) studies with 12993 (100%) participants reported a reduction in HbA1c, 32 (94%) studies with 12906 (99%) for weight loss, 27 (79%) studies with 11608 (89%) for the rate of adverse events, 29 (85%) studies with 12558 (96%) for the rate of serious adverse events, 30 (88%) studies with 12522 (96%) for the hypoglycemic events, 30 (88%) studies with 12638 (97%) for the rate of withdrawals due to adverse events. Each evidence network has direct and indirect comparisons, with 15 closed loops for all outcome indicators except hypoglycemia, which has 10 closed loops.




Figure 4 | Network plot. (A) (Decreased HbA1c), (B) (Weight loss), (C) (The rate of adverse events), (D) (The rate of serious adverse events), (E) (Hypoglycemic events); (F) (AE withdrawal); (Note: Each node represents a specific intervention, the size of the nodes corresponds to the number of participants assigned to each treatment).






3.4 Result of the inconsistency analysis

The results of the global inconsistency test are shown in Supplementary File 3 (Table 1). The p-values of the global inconsistency test results for the six outcome indicators of HbA1c reduction, weight loss, total adverse events, serious adverse events, hypoglycemic events, and AE withdrawal were 0.99, 0.96, 0.52, 0.28, 0.48, and 0.80, respectively, indicating that there was no inconsistency. In the local inconsistency test (node splitting method), there was inconsistency between the semaglutide 1.0 mg group and the placebo group for weight loss and AE withdrawal, and there were no significant inconsistent differences between the other group comparisons. (p ≥ 0.05).

In the loop inconsistency analysis, there were four loops for decreased HbA1c and weight loss outcome indicators and one loop of inconsistency for serious adverse events; other closed loops are not significantly inconsistent (p ≥0.05 or CI_95 include 0). The heterogeneity of each outcome indicator was calculated using I-squared; the results of the heterogeneity and loop inconsistency tests are shown in Supplementary File 4.




3.5 Decreased HbA1c (%)

The results of HbA1c reduction for 10 interventions are shown in Table 2. Compared with placebo, all 10 interventions were effective in reducing HbA1c (e.g., tirzepatide 15mg (MD=-2.23%, 95%_CI [-2.45, -2.01])). All 10 GLP-1RAs were significantly more effective than placebo in reducing HbA1c (p≥0.05), and tirzepatide 15mg and semaglutide 1.0mg were significantly more effective than the other GLP-1RAs.


Table 2 | Comparisons for the Δ HbA1c (%) of the 10 Interventions.



The results of SUCRA of 10 interventions and cumulative probability plots are shown in Table 3 and Figure 5. According to the SUCRA results, the ranking of HbA1c reduction from highest to lowest was as follows: tirzepatide15mg>semaglutide1.0mg>PEX168-200μg>dulaglutide1.5mg>oral semaglutide14mg>liraglutide1.8mg>albiglutide30mg>weekly-exenatide2.0mg>daily-exenatide10μg>lixisenatide20μg>placebo.


Table 3 | The SUCRA (%) results of network meta of the 6 outcome indicators.






Figure 5 | The ranking of GLP-1RA based on cumulative probability plots and SUCRA. (A) (Decreased HbA1c), (B) (Weight loss), (C) (The rate of adverse events), (D) (The rate of serious adverse events), (E) (Hypoglycemic events), (F) (AE withdrawal).






3.6 Weight loss (kg)

The weight loss results for 10 interventions are shown in Table 4. Compared with placebo, all 10 interventions were associated with weight loss (e.g., tirzepatide15mg (MD=-10.93kg, 95%_CI [-11.89, -9.98]). Compared with the placebo, the other 8 GLP-1RAs were more effective in reducing weight (kg), except for albiglutide 30 mg and PEX-200 μg, which did not show significant changes in weight reduction. In addition, tirzepatide 15 mg and semaglutide 1.0 mg were significantly more effective than the other interventions in reducing weight.


Table 4 | Comparisons for the weight loss of the 10 interventions.



As shown in Table 3 and Figure 5, the SUCRA results show that the ranking of weight loss from highest to lowest was as follows: Tirzepatide15mg>Semaglutide1.0mg>Oral semaglutide14mg>Liraglutide1.8mg>Dulaglutide1.5mg>Daily exenatide10μg>Weekly exenatide2.0mg>Lixisenatide20μg>Albiglutide30mg>Placebo>PEX168-200μg.




3.7 The rate of adverse events

The results of the adverse events rate for 10 interventions are shown in Table 5. Tirzepatide 15 mg, oral semaglutide 14 mg, and semaglutide 1.0 mg did not differ significantly from placebo in the rate of adverse events, while the other seven GLP-1RAs did. Semaglutide1.0mg, tirzepatide15mg had a significantly higher rate of adverse events compared with the other GLP-1RAs, and oral semaglutide14mg had a significantly higher rate of adverse events compared with weekly exenatide2.0mg, albiglutide30mg, lixisenatide20μg, and PEX168-200μg. while all other head-to-head comparisons between GLP-1RAs were not significantly higher in terms of adverse event rates.


Table 5 | The results of the rate of adverse events for 10 interventions.



As shown in Table 3 and Figure 5, the SUCRA results show that the ranking of the rate of adverse events from highest to lowest was as follows: Tirzepatide15mg>Oral semaglutide14mg>Semaglutide1.0mg>Liraglutide1.8mg>Daily exenatide10μg>Dulaglutide1.5mg>Weekly exenatide2. 0mg>Albiglutide30mg>Lixisenatide20μg>PEX168-200μg>Placebo, this result indicates that tirzepatide15mg had the highest incidence of adverse events compared to all other interventions.




3.8 The rate of serious adverse events

The results of the serious adverse event rate for 10 interventions are shown in Table 6. Compared to the placebo, there was a significant difference in the incidence of serious adverse events between tirzepatide 15 mg and oral semaglutide 14 mg. In addition, the SUCRA values for PEX 168-200 μg, tirzepatide 15 mg, and oral semaglutide 14 mg were higher than placebo, meaning that PEX 168-200 μg, tirzepatide 15 mg and oral semaglutide 14 mg had the highest incidence of serious adverse events compared to placebo.


Table 6 | The results of the rate of serious adverse events for 10 interventions.



As shown in Table 3 and Figure 5, the SUCRA results suggest that the ranking of the rate of serious adverse events from high to low was as follows: PEX168-200μg>Tirzepatide15mg>Oralsemaglutide14mg>Placebo>Albiglutide30mg>Lixisenatide20μg>Liraglutide1.8mg>Semaglutide1.0mg>Daily-Exenatide10μg>Weekly-Exenatide2. 0mg>Dulaglutide1.5mg, it means that PEX168-200μg had the highest incidence of serious adverse events compared to all other interventions.




3.9 Hypoglycemic events

The results of hypoglycemic events for 5 interventions including sulfonylureas, and 10 interventions excluding sulfonylureas are shown in Tables 7, 8. There was no significant difference in hypoglycemic events when sulfonylureas were included in combination therapy with the 5 GLP-1RAs compared with placebo. There was no significant difference in hypoglycemic events in head-to-head comparisons. When sulfonylureas were not included among the drugs in combination therapy, there was a higher rate of hypoglycemic events with semaglutide 1.0 mg versus exenatide 2.0 mg and liraglutide 1.8 mg versus placebo, and no significant difference of hypoglycemic events in the other head-to-head comparisons. However, the hypoglycemic events (OR value) were significantly higher when the combination therapy included a sulfonylurea than when there was no sulfonylurea, suggesting that sulfonylureas can dramatically increase the incidence of hypoglycemia events. Meanwhile, there was no significant difference in the incidence of hypoglycemic events with or without sulfonylureas compared to placebo, suggesting that GLP-1RAs do not increase the incidence of hypoglycemic events.


Table 7 | The results of the hypoglycemic events for 5 interventions include sulfonylurea drugs.




Table 8 | The results of the hypoglycemic events for 10 interventions exclude sulfonylurea drugs.



As shown in Table 3 and Figure 5, the SUCRA results indicated that the ranking of the hypoglycemic events from high to low excluding sulfonylureas as follows: Tirzepatide15mg>Daily-Exenatide10μg>Dulaglutide1.5mg>Lixisenatide20μg>Semaglutide1.0mg>Weekly-Exenatide2.0mg>PEX168-200μg>Liraglutide1. 8mg>Placebo>Albiglutide30mg>Oral semaglutide14mg, and it suggested that tirzepatide15mg had the highest incidence of hypoglycemic events compared with all other GLP-1RAs.




3.10 AE withdrawal

The results of the AE discontinuation rate for 10 interventions are shown in Table 9. Compared to the placebo, the other eight GLP-1RAs were similar regarding adverse event withdrawal rates, except for a significant difference between albiglutide 30 mg and semaglutide 1.0 mg. Semaglutide 1.0 mg versus exenatide 2.0 mg, oral semaglutide 14 mg versus exenatide 10 μg, and lixisenatide 20 μg showed significant differences in adverse event withdrawal rates. Lixisenatide 20 μg significantly differed from dulaglutide 1.5 mg, tirzepatide 15 mg, lixisenatide 20 μg, and exenatide 10 μg. The other head-to-head comparisons between GLP-1RAs did not show a significantly higher rate of adverse event withdrawal.


Table 9 | The results of the rate of AE withdrew for 10 interventions.



As shown in Table 3 and Figure 5, the SUCRA results indicate that the ranking of AE withdrawals from highest to lowest was as follows: Daily exenatide10μg>Lixisenatide20μg>Oral semaglutide14mg>Tirzepatide15mg>Liraglutide1.8mg>Dulaglutide1.5mg>Albiglutide30mg>Placebo>Semaglutide1. 0mg>PEX168-200μg>weekly-exenatide2.0mg, it suggested that daily-exenatide10μg had the highest incidence of AE withdrawal compared to all other interventions.




3.11 Cluster analysis

Cluster analysis was performed based on the SUCRA values for clinical efficacy (reduction in HbA1c) and safety (the rate of adverse events), and the results of the cluster analysis are shown in Supplementary File 3 (Figure 1). Compared with other interventions, 15 mg of tirzeptide had a significant advantage in efficacy, but it had a higher rate of adverse events than other GLP-1RAs. Semaglutide1.0mg, oral semaglutide14mg, liraglutide1.8mg, dulaglutide1.5mg, PEX168-200μg, albiglutide30mg, daily exenatide10μg, weekly exenatide2.0mg have a similar advantage in terms of efficacy and safety. Lixisenatide 20 µg has an efficacy advantage but not in security (the rate of adverse events).




3.12 Sensitivity analysis

Supplementary File 3 (Table 2) shows the sensitivity analysis results. Stata software was used to perform sensitivity analyses for the primary outcome indicator (HbA1c reduction) after excluding 10 high-risk studies (5, 8, 10, 12, 16, 19, 20, 25, 32, 33) according to results 3.2 Quality assessment of included studies. Supplementary File 3 (Table 2) shows that the network meta-analysis did not change significantly without inversion, indicating that the results were reliable.




3.13 Publication bias analysis

Stata software generated funnel plots for six outcome measures: HbA1c reduction, weight loss, total adverse events, serious adverse events, hypoglycemic events, and AE discontinuation. The funnel plots for efficacy and safety are shown in Figure 6. Figure 6 shows that the distribution of studies in the funnel plot is approximately symmetric, suggesting no publication or other bias between studies. However, in Figures 6A, B, there is heterogeneity in some studies with scatter plots outside the funnel plot, possibly due to minor sample effects.




Figure 6 | The funnel plots for efficacy and safety. (A) (Decreased HbA1c), (B) (Weight loss), (C) (The rate of adverse events), (D) (The rate of serious adverse events), (E) (Hypoglycemic events), (F) (AE withdrawal), (Note: A: Placebo; B: Albi30mg; C: PEX168-200μg; D: Lixisenatide20μg; E: Tirze15mg; F: Dulaglutide1.5mg; G: Oralsema14mg; H: Sema1.0mg; I: Lira1.8mg; J: Weekly-Exenatide2.0mg; K: Daily-Exenatide10μg).







4 Discussion

This review was based on 34 RCTs involving 12,993 patients with type 2 diabetes who had poor glycemic control on metformin and were randomized to 10 GLP-1RAs or placebo. In the 34 included studies, 18 used metformin + GLP-1RA as the therapeutic agent, and 16 used metformin + GLP-1RA ± OAD (e.g., sulfonylurea, thiazolidinedione, and sodium-glucose cotransporter-2 inhibitors). According to the NMA results, after treatment (82.4%≥ 24 weeks), all GLP-1RAs were superior to placebo in efficacy. In terms of HbA1c reduction, the most effective drug was tirzepatide 15 mg (-2.23%), followed by semaglutide 1.0 mg (-1.57%) and PEX 168200 (-1.12%). In terms of weight loss, tirzepatide 15 mg was the best (-11.3 kg), followed by semaglutide 1.0 mg (-5.99 kg) and oral semaglutide 14 mg (-3.95 kg). This result suggests that tirzepatide 15mg and semaglutide 1.0mg have a clear advantage in reducing blood glucose and weight in patients with T2D.

In terms of safety, tirzepatide 15mg (OR=1.13), oral semaglutide 14mg (OR=0.88), and semaglutide 1.0mg (OR=0.76) were more frequent than the other GLP-1RAs in the rate of adverse events (e.g., nausea, vomiting, and diarrhea, etc.). The OR values for tirzepatide 15mg were more significant than 1, indicating a higher risk of adverse events. In addition, tirzepatide 15mg, oral semaglutide 14mg, and semaglutide 1.0mg did not show a significantly higher incidence of adverse events. The incidence of serious adverse events (e.g., cardiovascular events, severe gastrointestinal reactions, infections, etc.) was higher for PEX168 (OR=0.54), tirzepatide 15mg (OR=0.15), and oral semaglutide 14mg (OR=0.09) than for other GLP-1RAs, and tirzepatide 15mg and oral semaglutide 14mg will have serious adverse events but at a lower risk.

GLP-1RAs generally do not cause hypoglycemia in patients with type 2 diabetes who are not taking insulin (54). However, it is noteworthy that when the combination included sulfonylureas, hypoglycemia (OR) incidence was significantly higher with GLP-1RAs, suggesting that sulfonylureas are an essential contributor to hypoglycemia (55). The 10 GLP-1RAs did not exhibit a significantly higher incidence of AE withdrawal.

Tirzepatide is a novel GIP and GLP-1 dual receptor agonist that the U.S. FDA approved for treating T2D in 2022. it has demonstrated potent HbA1c and body weight reduction. In a recently completed Phase 3, double-blind, randomized, controlled trial of once-weekly tirzepatide in the treatment of obesity, tirzepatide 15 mg achieved a mean percentage change in body weight of -20.9% (-21.9 kg) over 72 weeks of treatment, suggesting that tirzepatide 15 mg is also a potential weight loss agent (56). The result is a significant breakthrough in dual-targeted GLP-1 and GIP drugs that reduce HbA1c and body weight more effectively than GLP-1 RA. In addition, a phase 2 RCT demonstrated that retatrutide, a GIP, GLP-1, and glucagon receptor agonist achieved clinically meaningful improvements in glycemic control (2.02% reduction in HbA1c with 24 weeks of treatment) and significant weight reduction (17.18kg reduction in weight with 36 weeks of treatment), and its safety profile was consistent with that of GLP-1 receptor agonists as well as GIP and GLP-1 receptor agonists (57). In the future, GIP, GLP-1, and glucagon tri-agonists are promising for patients with T2D and/or obesity.

Semaglutide1.0mg and oral semaglutide 14mg was inferior to tirzepatide in reducing HbA1c and body weight but had significant advantages over other GLP-1RAs. In addition, oral semaglutide offers excellent convenience to patients and improves compliance. The results were generally consistent with Xia L et al. 's (58) efficacy in lowering HbA1c and body weight. However, oral semaglutide treatment increases the incidence of nausea, vomiting, and diarrhea (Comparison with placebo or other OAD (e.g., Sitagliptin, empagliflozin)), and the oral route of administration is strongly associated with an increase in gastrointestinal adverse events (59). The higher AE withdrawal rate for oral semaglutide than for subcutaneous semaglutide and tirzepatide may be related to gastrointestinal adverse events.

The global and local inconsistency test results showed no significant inconsistency for each outcome indicator and two comparison groups. In the closed loop inconsistency test, the same four closed loops showed significant inconsistency in the two outcome indicators of HbA1c reduction and weight loss. The other closed loops were those for which there was no evidence of inconsistency (p >0.05 or CI_95 includes 0). In conclusion, the results for the inconsistency of the whole network are reliable.

In sensitivity analyses, the NMA results did not change significantly and were reliable. Overall, the risk of the included studies was low, the quality was good, and the NMA results were reliable. The publication bias results suggest that there may be some bias in the effectiveness due to differences in the drugs used and the effect of a small sample size. The heterogeneity results indicate a significant difference in efficacy, and the main reason for this was the difference in the use of background medication (metformin +/-OAD). In conclusion, heterogeneity does not significantly impact the NMA results.

T2D places a heavy burden on the body, causing various complications (cardiovascular and cerebrovascular complications, microvascular and neurological lesions, diabetic foot, etc.) that can reduce the quality of life and life expectancy (60). The anti-inflammatory effects of metformin and GLP-1RAs contribute to their beneficial effects, as T2DM is characterized by chronic low-grade inflammation. In addition to glycemic control, aggressive cardiac risk reduction is a priority for all patients with T2D. Evidence suggests (61, 62) that aggressive reduction of multiple risk factors (weight loss or maintenance, smoking cessation, blood pressure control, lipid-lowering, dietary modification, and exercise) reduces the risk of microvascular and macrovascular complications in patients with diabetes.

GLP-1RAs are safe and effective and can reduce weight and the risk of major cardiovascular disease (63). Semaglutide 2.4mg and liraglutide 3.0mg have been approved by the U.S. Food and Drug Administration (FDA) for weight management in people who are overweight or obese. A related weight loss meta-analysis (15) showed that treatment with semaglutide 2.4 mg and liraglutide 3.0 mg for more than 20 weeks in combination with daily diet and exercise resulted in weight loss of 12.47 kg and 5.24 kg, respectively, in people with overweight and obesity. Tirzepatide 15 mg is expected to be approved shortly for weight control in adults with obesity or overweight (with >= 1+ obesity-related comorbidity). Liraglutide, dulaglutide, and semaglutide have been shown to have cardiovascular benefits, and the only other glucose-lowering agents for T2D that have been shown to have cardiovascular benefits are the SGLT-2 inhibitors empagliflozin, canagliflozin and dapagliflozin (64, 65). In clinical practice, selecting a GLP-1RA with cardiovascular efficacy, good glucose-lowering, and weight-loss (kg) effects, and a high safety profile based on the patient’s medical condition and needs is critical. Based on efficacy and safety results, tirzepatide 15mg, semaglutide 1.0mg, and oral semaglutide 14mg are good options for patients with T2DM.

The main objective of this study is to, directly and indirectly compare the safety and efficacy of 10 GLP-1RAs in combination with metformin, to address the wide variety of medications encountered in clinical practice, and to provide evidence-based support and reference for the use of GLP-1RAs in clinical practice. Meanwhile, being overweight and obese are risk factors for diabetes, and this study evaluated the effect of weight loss with different GLP-1RAs and glucose lowering. However, there are limitations to this study: First, the range of drug treatment cycles is vast, mostly between 12 and 48 weeks, which affects the safety assessment results. Second, in this review, there were some studies where the background drug was metformin and others where it was metformin +/- OAD, which is the source of the heterogeneity in the efficacy assessment. Third, the populations included in this study include Caucasian, African and Asian populations. However, there are some differences in the physical condition of patients with type 2 diabetes from different regions or races, and their actual clinical efficacy is also biased. Finally, there were small samples of studies and high-risk studies in the included studies, which may make our results insubstantial and incomplete. Even though there are some limitations in this study, more and more large-sample, high-quality studies will gradually emerge over time so that our evaluation results will improve and become more convincing overall.




5 Conclusion

This study results showed that GLP-1RAs were effective in lowering HbA1c and reducing body weight without leading to increased incidence of hypoglycemic reactions. In addition, this study may provide reference and evidence-based medical evidence for clinicians to select GLP-1RAs in patients with T2DM and high BMI. Tirzepatide 15mg, semaglutide 1.0 mg, and oral semaglutide 14 mg may be preferred for treating patients with T2DM. Finally, there is an urgent need for more high-quality, large-sample randomized controlled trials to make our study results more comprehensive and reliable.
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